The metabolism of ['4CH3]2-(2,4-dichlorophenoxy)isobutyric acid (DIB) was studied in plants and cell suspension cultures of Lycopersicon esculentum Mill. sp. 'Lukullus'. Both plants and cells in suspension culture showed a rapid uptake of DIB from nutrient media. The metabolites, isolated by extraction with methanol and separated by chromatographic methods, were identified by enzymic, chemical, and spectrometric methods. Two conjugates of the carboxyl with 2 and 3 moles glucose per mole DIB and, to a smaller extent, its ?-D-glucopyranosyl ester, were formed in both intact plants and cell suspension cultures, but there were quantitative differences.
DIB' is a synthetic plant growth regulator which, in combination with 2-chloroethylphosphonic acid and CCC, synergistically retards growth and regulates water balance in barley (Hordeum vulgare), wheat (Triticum aestivum), and some dicots (2) .
For DIB no auxin activity was shown, but growth promotion caused by 2,4-D was inhibited significantly by simultaneously supplied DIB. In contrast to auxins, equal concentrations of DIB did not stimulate ethylene production. Growth retardation of cereal seedlings caused by DIB can be compensated at least partly by GA3. Using a GA3 forming fungus as a model, DIB was shown to inhibit the biosynthesis of steroids and GA3 (16) .
The metabolism of phenoxyalkanoic acids, especially 2,4-D, was investigated in monocot and dicot plants (11) . DIB was applied to cereals and the major metabolite found was DIB-Glc (7) . However, no studies of the metabolism of DIB in any dicot have been published. The metabolism of phenoxy acids other than DIB in cell cultures of different species is known (4, 12) . However, comparative studies with cell cultures and intact plants are rare. Conjugation with sugars and amino acids (11, 12) , ring hydroxylation (4), and side chain cleavage (6) are the most important paths of phenoxy acid metabolism.
'Abbreviations: DIB, 242,4-dichlorophenoxy)isobutyric acid; CCC, chlorocholine chloride; DIB-Glc, f,-i-glucopyranosyl[2-(2,4-dichlorophenoxy)isobutyrate]; DIB-Me, methyl ester of DIB; NMR, nuclear magnetic resonance spectroscopy; LSC, liquid scintillation counting; SS, solvent system; TMS, tetramethylsilane; DIB-Glc2, conjugate of DIB with two glucose molecules; DIB-Glc3, conjugate of DIB with three glucose molecules; m/z, mass/charge; mixture 6, mixture ofcarbohydrate conjugates of DIB, which are more hydrophilic than DIB-Glc3.
We report in this paper on the metabolism of DIB in cell suspension cultures, excised and intact plants of tomatoes, and especially on characterization of oligosaccharide conjugates. NH4/100 ,ul H20) was added to the nutrient medium. Culture flasks (125 ml medium) were inoculated with 10 ml of a cell suspension containing 0.5 to 1 mg dry weight/ml (determined by measuring the OD at 578 nm), and were maintained aseptically for 9 d in the dark on a rotary shaker (160 rpm, 23-25°C).
MATERIALS AND METHODS
Extraction. Following incubation, the excised and intact plants were rinsed several times with water, cut to small pieces, homogenized with an Ultra-Turrax (Janke u. Kunkel KG, Staufen, FRG) in 100 ml 70% aqueous methanol, and washed with 50 ml methanol until the residue was colorless.
The cells in suspension cultures were filtered, washed with 100 ml water, and sucked to a relative dryness for 1 min, and fresh weights were determined. The extraction procedure outlined in Figure 1 was used to fractionate the methanol extracts of plant material (see Table I ) and also of cell suspension cultures (see Table II ).
Chromatography. For chromatography, the purified methanol extracts were evaporated to dryness in the presence of diatomite.
A small volume of benzene was added and the resulting suspension was placed on a Silica gel column (22 1.5 (15) . For alkaline hydrolysis, an aliquot was treated with 1 ml 2.5% aqueous NH4OH (24 h, room temperature). Acid hydrolysis was carried out by treatment of an aliquot for I h with 1 ml 1 N HC at 100°C. Acetylation was done with pyridine/ acetic anhydride (2:1, v/v).
RESULTS

Metabolism in Cell Suspension
Cultures. The fresh weights of cell suspension cultures after application of 0.5 mg and 2.5 mg were not appreciably different from the control. Four mg DIB inhibited the growth to 77%. In each of these cultures a great part of applied radioactivity was found in the cells (Table II) . By 5.0 mg DIB, the growth of cells was strongly inhibited. About 89% of applied DIB remained in the nutrient medium. After extraction according to Figure 1 , more than 70% of the applied radioactivity (more than 90% ofthe absorbed radioactivity) from the well grown cell cultures with 0.5, 2.5, and 4.0 mg ['4CH3J-DIB was present in the purified methanol extract (Table II) and separated by silica gel column chromatography. Elution and quantification resulted in six peaks of increasing polarity, which correspond to the substances and percentages listed in Table IV . (Table IV) , indicating esters of DIB with glucose and oligosaccharides composed of two and three glucose moieties, respectively. Substance 3 cochromatographed with DIB-Glc and after peracetylation with the synthetic tetraacetyl derivative of DIB-Glc (Table III) In the electron attachment mass spectrum of DIB-Glc3 the parent peak (m/z 1154, 13%), aglycone fragments (m/z 247, 76%; 202, 45%; 161, 100%), and fragments indicating the acetylated carbohydrate moiety (m/z 923, 33%; 907, 53%; 635, 14%; 347, 77%) occurred. The electron impact mass spectrum also showed numerous fragments which agreed with the structure suggested. The resonance of the proton at the anomeric C-I of the carbohydrate moiety in the 'H NMR spectrum of the acetylated derivative of DIB-Glc3 (5.90 ppm, d, J = 7.93 Hz) indicated ,8-configuration. The other shift parameters agreed with the suggested structure.
Some conjugates containing glucose at least partly (glucose oxidase-peroxidase reaction) were isolated, which are more hydrophilic than DIB-Glc3. After peracetylation, this mixture 6 (peak 6, Table IV) has been separated by TLC into five peaks. DIB-Me (Table IV) is an artefact, resulting from the extraction with methanol. Identification was carried out by MS and cochromatography with synthetic DIB-Me (SS 1, Table III ).
The main part of the medium radioactivity cochromatographed with DIB (SS 1 and 2, Table III ). Thus, no significant excretion of conjugates from the cells to the medium was observed.
Metabolism in Excised and Intact Plants. In a characteristic experiment with excised plants, 82.3% ofthe applied radioactivity was absorbed and 13.2% of [ 4CH3]DIB remained unchanged in the aqueous feeding solution (Table I) . Applied radioactivity (69.8%) (84.6% of the incorporated radioactivity) was found in the purified methanol extract and yielded after separation the metabolites and percentages shown in Table V . When compared with cell suspension cultures also, plants metabolize DIB to yield DIB-Glc2 and DIB-Glc3 mainly. From DIB-Glc, only low concentrations were found. Unchanged DIB was detectable only in traces.
In further experiments ['4CH3]DIB was applied to intact plants via the leaves. In the 24 h + 24 h experiment, 1.5% ofthe applied radioactivity and, in the 4 d + 10 d experiment, 6.8% were found in the plants (without the application leaf). The distribution of the radioactivity during the extraction procedure is summarized in Table I . Despite the application via the leaves, we found in the 24 h + 24 h experiment with intact plants and even after 14 d the same metabolites as in excised plants (Table V) . The conjugates DIB-Glc3 and DIB-Glc2 are the major metabolites of DIB, and DIB-Glc is the minor one in intact plants too. DIB was not detectable.
DISCUSSION
The results of our studies show that the metabolism in tomato plants is the same as in cell suspension cultures of this plant species. Furthermore, the technique of application to the plant material and also the duration of the experiment did not influ- 
